The F-18 HARV was a highly instrumented preproduction F/A-18A aircraft. All four NASA aeronautical centers (Ames, Dryden, Langley, and Lewis) worked closely together on the HARV program.
The flight program had three distinct phases. In phase one, the airplane was flown in the basic fighter escort configuration and collected aerodynamic and flow visualization data. For phase two, thrust-vectoring paddles were installed on the airplane at the exhaust exit.
During this second phase, research was emphasized in flight controls, handling qualities, agility and propulsion.
For phas_ three, a new radome with actuated nose strakes was built and installed on the aircraft to enhance fighter agility. The research emphasis during this third phase was on aerodynamics, flow visualization, controls, handling qualities and agility.
Two airplanes were designed and built by Grumman Small, undetectable asymmetries in the nose shape can also cause sharp changes in side force. In figure 7, 5 the overall side and normal force are shown as a function of roll angle at a = 55°and Re D = 3 × 106. As the ogivecylinder was rotated, the side force switched from a maximum side force to the right to a maximum side force to the left in 20°to 30°of rotation. In flight, it is difficult to tell the difference between the two effects because the result may be the same.
The effect of nose bluntness on side force coefficient is In this application, the grit did not produce excessive vortex suction footprints at ES. 107. In both of these cases, the boundary layer on the wind tunnel models with no grit strips was transitional.
In figure 18 , wind tunnel data from the 0.16 model with and without no. 36 twin grit strips at +_54°are compared with the flight data at oc = 40°and 13-0°. 16
As shown in the figure for ES. from the surface so that no port vortex suction peak is observed. The starboard vortex has stayed close to the surface and results in a large suction peak at ES. 142.
The proximity of the starboard vortex to the surface has caused the flow to accelerate about the starboard side at ES. 142 resulting in a higher suction peak at 0 ---70°as compared to the suction peak at 0---290°on the port side. Similar asymmetric pressure distributions can be seen at ES. 107 and ES. 184, though to a lesser extent.
These asymmetries in the pressure distributions result in a yawing moment to the starboard because of the greater suction pressures on the starboard side. However, recent data obtained on the F-18 HARV with the actuated forebody strakes 23 show that caution must be exercised in using water tunnel data. Figure 30 shows a comparison of the vortex path of the strake vortex at ct = 30°. As can be seen in the photos, the strake vortex path for flight and for the David Taylor 8-Ft Wind Tunnel ( fig. 30 (a) and (b)), 24 travels straight back and is far above the F-I 8 vertical tails. For the water tunnel case ( fig. 30(c) ), the strake vortex is apparently drawn down by the LEX vortices fowfield and the strake vortex path is between the vertical tails. 
X-31 Enhanced Fighter Maneuverability Demonstrator
Two X-31 research aircraft were built and have been designated ships 1 and 2. The X-31 ( fig. 3) .01 
